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Abstract 

Introduction. The emergence of new vector-borne diseases necessitates the development of adequate medical 
regulations, prevention measures, rehabilitation programs, etc. Among all these measures, timeliness is the most crucial 
element, which cannot be achieved without reliable forecasting of the epidemic situation. In fact, the situation can 
deteriorate when two epidemics occur simultaneously, emphasizing the need for predicting the corresponding time 
intervals accurately. The aim of this study is to scientifically predict the periods when traditional influenza and 
COVID-19 epidemics may overlap. 

Materials and Methods. The scientific research was based on the analysis of statistical data, which was processed using 
Fourier decomposition and autoregression techniques to study and predict various processes. The original mathematical 
model of COVID-19 dynamics was adjusted with new statistical data. The resulting scale-time and random 
characteristics of COVID-19 within the model were compared with known parameters of traditional influenza. 

Results. It was established that the dynamics of the COVID-19 epidemic had a pronounced seasonal character with a 
frequency of three times a year. It was found that the method of forecasting COVID-19 incidence using Fourier 
decomposition was not reliable, but it allowed for a good description of the observed dynamics of the epidemic. 
Autoregressive analysis, on the other hand, was only suitable for short-term forecasting of coronavirus epidemics. The 
features of the two seasonal diseases, COVID-19 and influenza, have been compared, and the moments when their 
combined effects on a person would be particularly harmful have been predicted. 

Discussion and Conclusion. All methods of mathematical analysis have convincingly demonstrated that the frequency 
of COVID-19 outbreaks occurs three times per year, while influenza occurs annually. During times when the activities 
of both viruses (coronavirus and influenza) coincide, special attention should be paid and measures taken to reduce the 
risk of contracting a seasonal viral infection, including through regular vaccination. 
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AHHOTalna 

Beedenue. lossnenve HOBbIX TpaHCMHCCHBHBIX 3a00JeBaHH TpebyeT paspaOOTKH COOTBETCTBYIOINMX JIedeOHBbIX periaMeH- 
TOB, Mep IIpeqynpexyeHHa OouesHH, CXemM peaOwIMTalMn UT. 0. BaxkHeiitHM 3JIeMeHTOM BCeX OO03HaYeHHBIX BBILIe Mepo- 
IIPHATHHM ABIIACTCA CBOCBPEMEHHOCTS, KOTOpad HEBO3SMO%KHA Oe3 HaGKHOrO NPOTHOSHPOBaHHA STIMACMHMYeCKOM OOCTAHOBKH. 
@akTH4ecKH STIMAeMHMYeCcKad CHTyalA MOXKeT OOOCTPHTCA IPH HAIOXKeHHUM BYX IIMeMHi, YTO aKTyaJIM3yeT TIpOrHO3Hpo- 
BaHHe COOTBETCTBYIOLNMX BPCMeHHBIX MHTepBaos. Llemb TaHHoli padoTbl — HayyHo OOocHOBaHHOe TipeycKa3aHHe MepHoros, 
OTBCYAIOLNIMX HasIOXKCHHIO STIMCMMM TpayMUMOHHOrO rpuiiiia W BHOBb HosBuBIeroca COVID-19. 

Mamepuanoi u memoooi. Hayuusie u3bICKaHWA OCHOBBIBAIOTCA Ha aHaIM3e CTATHCTHYCCKHX JJaHHBIX. JIA W3y4yeHHA U 
TIpOrHO3HpOBaHHA TIPOWeCcOB HCHOMb3OBaHbI TEXHUKU Dypbe-pa3zloxKeHHA HW aBTOperpeccuu. CkoppekTupoBaHa OpH- 
THHaJIbHad MaTeMaTH4ecKad MOJeb THHamMuKH COVID-19 c yyeToM HOBBIX CTaTHCTH4eCKHX JaHHbIx. ComocTaBJIeHbl 
pe3yIbTHpyrollve MaciiTaOHO-BpeMeHHBIe H CiIyualiHble XapakTepucTuKu COVID-19 B pamkax MojeuIM C H3BeECTHBIMU 
llapaMeTpaMu TpadMuUMoHHOro rpuna. 

Pezyibomamol ucciedoeanua. YcTaHoOBeHO, YTO WHHaMuKa smMyemun COVID-19 umeer apko BbIpaxKeHHBI Ce30H- 
HbIMf XapakTep C IePHOAM4HOCTHIO TPH pa3a B To. BpIABIeHO, 4TO aIrOpHTM MporHo3a 3adoeBaemoctu COVID-19 
MeTOJOM Dypbe-pa3sIOKCHHA HE ABJIACTCA Hae%KHbIM, OHAKO MO3BOIACT XOPOLWIO OMMCaTh HaOmIOWAaeMy!O AHHAaMUKy 
pa3sBHTHA 91MemMun. ABTOperpecCHOHHBIM aHasIM3 NMOAXOAUT JMIb Id KpaTKOCpOuHOro MpOrHO3HpOBaHHA KOpoHa- 
BUpycHon smufAemMun. ConocTaBseHbI OCOOeHHOCTH TeYeHHA AByX 3a00JIeBAHH Ce30HHOTO XapakTepa — COVID-19 u 
rpunna. CiporHo3sHpoBaHbl MOMEHTHI, Kora HX COBMECTHOE JeHCTBHe Ha YeOBeKa OKAKETCA OCOOCHHO MaryOHEM. 
O6cystcdenue u 3aKjuoY4enua. Bce MeTOAbI MaTeMaTHYeCKOrO aHasIM3a yOeAUTeIbHO WOKa3aIu, YTO TepHOAH4YHOCTS 
Bcrbiek COVID-19 — TpwxabI B roy, a rpunnma — exerogHo. B nepHoysi, korga WelvicTBua JByx BUpycoB (KopoHa- 
Bupyca HM rpulina) HakabIBaIOTCA, CleqyeT ObITh OCOOO OCTOPOXKHBIMH UH COOMIOZaTb Mepbl, HalipaBJIeHHble Ha CHH- 
2KeHHe PHcKa 3a00eTb Ce30HHOM BUPyCHOM HH(PeKUMeH, B TOM YHCIe MpOBOAMTS perysIApHY!O BaKIMHAaLHI0. 


Kunouesble copa: svyemua, NaHyemus, COVID-19, snuqemuonormueckne XapaKTepHCTHKM BUpyca, MpoTuBOLeH- 
cTBHe paciipoctpaHenuro COVID-19, MaremaTuyeckad MOJesIb STIMJEMH4ECKOrO TIpolecca, OMUKPOH 


Baarojapuoctu. ABToppl BbIpaxKaloT Ocobyio OsarosapHOCTb KOHCyIbTaHTy Hay4Horo upoexta O.B. AyeHko, JOUeH- 
TY, KaHquUyaTy PU3HKO-MaTeMaTHYeCKHX HayK, KOTOPbIM BHEC HEMaJIOBaXKHbIM BKIa], B COMOCTaBsIeHHe XapaKTepHCTHK 
Bupycos rpunna uw COVID-19 u gan WeHHbIe 3aMeuaHHaA Ipu O*OpMIIeHH WaHHO paooTsl. 


Aisa WuTHpoBannsa. Asumosa H.H., 3auposa JI.X., Epmaxos A.C., Jlanoma E.H. Yrounenve mporno3a 3a00s1eBaeMo- 
ctu COVID-19 c HanoxxKeHHeM Ha Ce30HHBIe BCIIBIINKH puna. bezonacHocmb mexHozeHHbIx U NPUPOOHbIX CucmeM. 
2024;8(3):57-66. https://doi.org/10.23947/2541-9129-2024-8-3-57-66 


Introduction. Harmful effects of epidemics on humans and their livelihoods as a whole are prevented through the 
constant improvement of preventive measures. These measures aim to break the chain of disease transmission, reduce 
its severity, and reduce the risk of infection. These elements have been carefully developed for seasonal viral diseases, 
such as SARS and influenza, in particular. The emergence of new vector-borne diseases requires the development of 
new measures, such as medical regulations, prevention strategies, rehabilitation plans, medications, and specialized 
medical facilities. An example of this is the recent COVID-19 pandemic and the response from global governments and 
healthcare systems [1]. The most important aspect of these measures is their timeliness, which requires reliable 
forecasting of epidemic situations. 

The aim of this study is to identify the periods of overlap between traditional influenza epidemics and the recently 
emerged COVID-19 pandemic. This information will help us prepare for future outbreaks, minimizing the severity and 
impact of the diseases. 

Materials and Methods. The emergence of new epidemiological data for the period from September 23, 2021, to 
March 3, 2023, requires a radical revision of the previous scenario for the development of the disease. Specifically, the 
previous scenario assumed that the pandemic would continue indefinitely, with an average daily incidence of 600,000 
people, fluctuating three times per year with an amplitude of +300,000. This corresponded to what was referred to as 
the “pessimistic” scenario. However, the emergence of new viral strains has led to an increased fitness between the 
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virus and human hosts, redirecting the dynamics of COVID-19 towards an “optimistic” trajectory. This development 
necessitates adjusting the mathematical model in order to accurately predict the timing and magnitude of disease 
outbreaks [2, 3]. To accomplish this, the following objectives should be addressed: 

1. to clarify the results of parametric identification of the external model based on new data [4]; 

2. to assess the impact of the regular component and random factors on the dynamics of the pandemic; 

3. to make a forecast of the epidemic situation using both a stochastic model (adjusted based on new data) and new 
algorithms — Fourier analysis and autoregression; 

4. to compare the resulting time-scale and random characteristics of COVID-19 within the framework of the model 
with the known parameters of traditional influenza. 

As a template function describing the dynamics of COVID-19, we take 


Al a+cos(Br+y) | 
ch? (Bt+C) 


®(t, 4,B,C,D,E,F,a,B,7,5,) = + D[1+th(Et+F)|(&+cos(8t+e)). (1) 
The first term of this function corresponds to a high peak caused by the Omicron strain. The second term represents 
the scenario where morbidity exits to an average level of 500,000 people, oscillating around this value with a frequency 
of B/(2x). The parameters included in equation (1) have an obvious meaning of duration, frequency, amplitude and 
initial phase of individual disease modes. 
To find all the parameters of model (1), according to the updated WHO data for the period from 01.04.2022 to 
03.03.2023, we solved a significantly nonlinear mathematical programming problem: 


Ub =, (Ig O(t;, A,B,C, D,E, F,0,B,7,8,6)—lg®;) > min. (2) 


The results of parametric identification (1) are shown in Table | and in Figure 1. 


Table 1 
Numerical characteristics of the COVID-19 template morbidity model 
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Fig. 1. Results of calculating the number of cases by date 
According to the calculations performed, formula (1) takes the form: 
ete? a +cos (0.0431 -1.827) | 
ch? 0.036t — 25.085 


Js 159[ 1+ th(0.009 — 1.280) |(4.346+ cos(0.043¢ +1.767)). (3) 


Oscillation period is 147 days versus 120-125 in the previous version of model [2]. However, this increase appears 
to be an artifact (Fig. 1) and is the result of a failure of the morbidity phase in an outbreak of omicron. Value (y — ) 
characterizes the phase shift between the incidence of traditional COVID-19 and omicron modification. 
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The removal of the trend and oscillatory components from the data prevented us from obtaining a purely noise 
background (Fig. 2) [5]. This is due to the presence of some non-linear interaction in reality that does not fit within the 
framework of our model (3). 
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Fig. 2. Error in the approximation of WHO data by model (3) 


The inability to accurately describe the dynamics of COVID-19 with 11-parametric function (1) encourages the use 
of alternative approaches for this purpose. 

The results of representing the observed dynamics of the epidemic using Fourier decomposition with 40 and 100 
harmonics are shown in Fig. 3. 
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Fig. 3. The initial dynamics of the epidemic and its Fourier approximation. The initial data is shown in blue. The Fourier 
decomposition with 100 harmonics is shown in yellow, and the decomposition with 40 harmonics is in red 


Comparison of the data in Figures | and 3 shows that considering a larger number of modes allows for a better 
description of the real dynamics of the epidemic. This is supported by both the slower decrease of a; coefficients in the 
decomposition (Fig. 4) and the more dispersed nature of the residual random component (Fig. 5). 
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Fig. 4. The change in coefficients of decomposition a; as the number increases 
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Fig. 5. The result of the elimination of the Fourier image from the source data: 


a — Fourier decomposition into 40 harmonics; b — Fourier decomposition into 100 harmonics 


According to the data in Figure 5, the residual relative noise is random. In practice, knowledge of the Fourier 
expansion coefficients a; [6] makes it possible to synthesize a regularly random function for forecasting [7]. To make 
the result more transparent, only the trend is included in the forecast line (brown in Fig. 6) and compared with new 
statistical data [8]. The comparison suggests that the proposed algorithm does not provide long-term forecasts [9]. 
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Fig. 6. Forecast of epidemic situation based on Fourier decomposition in comparison with new WHO data. Orange indicates a model 
based on the Fourier decomposition of a time series; brown indicates the predicted development of the coronavirus; blue indicates the 
initial data; dark blue indicates the real data compared to the predicted values 


In this regard, the possibility of improving the quality of forecasting based on the autoregressive approach is 
investigated. The autoregression procedure is regulated by the following algorithm: 1) initialization of the initial data; 
2) a suitable model is selected, depending on the characteristics of the time series and the requirements of the forecast; 
3) training the model on a training sample; 4) validation of the model (checking the quality of the forecast on a test 
sample); 5) forecasting. 

The dynamics of the epidemic have been predicted from March 4, 2023 until the present, comparing the results with 
current WHO data [6-8]. The results of this comparison are shown in Figure 7. As it can be seen, the autoregression 
technique is only suitable as a tool for short-term forecasting. 
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Fig. 7. Forecast of epidemic situation based on the autoregression method in comparison with new WHO data. The blue dots indicate 
the source data; orange — predicted values; green — real data compared to predicted values 


Due to the fact that COVID-19 has rapidly evolved into a seasonal viral disease, it is interesting to compare its 
epidemic characteristics with those of influenza, as well as to analyze the combined effects of two virulent diseases on 
the human population. 

To successfully compare the characteristics of the COVID-19 and influenza epidemics, statistical data on the 
incidence of influenza on a global scale from 03.01.2000 to 03.20.2023 were used, which can be found on the resource 
and shown in Figure 8. 
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Fig. 8. Actual data on the influenza incidence according to WHO data 
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The logistic dependence was used as a trend model for the influenza epidemic [10] (Fig. 9): 


pee) 
io 14 ex)” 


(4) 

Initialization of the model using mathematical programming methods gives the following parameter values: 
u = 6,847 thousand people/day (the maximum average incidence of influenza); n = 0.29 years"! (the rate of increase in 
the coverage of patients with the global morbidity control system); y= 2,013.9 year (the moment of half coverage of 
patients with the accounting system). Within the framework of this trend model, the incidence of influenza is reaching a 


historical plateau, and its recorded growth is associated exclusively with informatization in healthcare. 


100,000 
g 
S 10,000 
zg 
oss 
a 
3 eS 1,000 
5 2 
= 100 

10 

1 

2000 2005 2010 2015 2020 


Year 


Fig. 9. Initialization of the influenza incidence trend. The blue color represents the incidence of influenza on a logarithmic scale; the 
orange line shows the assumed exponential trend; the yellow one shows trend model (4) 


If you know the trend you can exclude it from the observed statistics and thereby highlight the oscillatory 
component: 
P(t)=A-sin® (Bt+o). (5) 
The degree of sine chosen here equal to 6 is responsible for the “blurring” of the outbreak of the disease over time. 
To find the coefficients of the model, optimization problem should be solved 
¥,(F-P)° > min, (6) 
where F’; — incidence; P; — model value; 7 € [1,1212]. 
The results of the calculations are shown in Figure 10 and can be calculated using the following formula: 
P(t) =5.03-sin® (3.2-t-0.29). (7) 


Flu incidence data “cleared” from the trend, 
cond. units. 
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Fig. 10. The result of solving the optimization problem for the improved trend. The blue color shows the initial data cleared from the 
trend; the yellow color shows the curve corresponding to the random component 
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The presented data indicate that the influenza epidemic is a seasonal process that occurs annually [11, 12]. This 
means that, depending on the timing of the initial stages of epidemics, overlapping periods of high morbidity can occur. 
To determine these moments, the dynamics of influenza and COVID-19 incidence is presented in parametric form 
based on the results of [2]: 


G(t) =5.03-sin® fs 15+ 2,022.4 +s }-0. 8] — Ma rpurina,; (8) 


K()=1402-sin(0.043-1-4 — qa COVID-19. (9) 


In formulas (8, 9), time ¢ is counted from moment fp = {03.01.2000} in units of one day. The standard representation 
of these data in Figure 11 is not informative, which prompts them to be converted into a parametric form (Fig. 12). 
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Fig. 11. Comparison of the dynamics of incidence of COVID-19 and influenza in relative units. The curve corresponding to the 
incidence of COVID-19 is shown in green, and the incidence of influenza is shown in orange 


Since all methods of mathematical analysis have convincingly proved that COVID-19 outbreaks occur three times a 
year and influenza occurs annually, we will plot the data in Figure 11 in a parametric form (Fig. 12) 
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Fig. 12. Comparison of the dynamics of incidence of COVID-19 and influenza in parametric form 


The joint display of the incidence of influenza and COVID-19, as shown in Figure 12, allows us to identify the most 
challenging moments when the effects of these two viruses overlap. During these periods, it is especially important to 
be cautious and follow all regulations for sanitary and epidemic control [13-15]. Currently, we are in a situation 
indicated by a yellow dot on the graph. From the most severe moment in terms of the epidemic (the red area), we are 
separated by approximately 580 days. 

Results. As a result of our research, we have reached the following conclusions: 

1. We have made significant adjustments to align the existing model with new data. 

2. Previous estimates of the severity of COVID-19 were overly pessimistic. 

3. We used new methods, such as Fourier analysis and autoregressive techniques, to increase the information 
content and reliability of our analysis and epidemic forecasting. 

4. Even with the combined use of these methods, we can only make a short-term forecast. 

5. We compared the features of two seasonal diseases, COVID-19 and influenza. 

6. We predicted the moments when the combined effect of these diseases will be most harmful to humans. 


Safety of Technogenic and Natural Systems. 2024;8(3):57-66. eISSN 2541-9129 


Discussion and Conclusion. The authors substantiate the need to reliably predict the coincidence of peaks in the 
incidence of influenza and COVID-19. It is shown that the visibility of the coincidence is achieved by presenting the 
dynamics of both diseases in a parametric form. It has been established that due to the multiplicity of the period of both 
epidemics, the maximum and minimum danger of their imposition is also periodic. Numerical indicators of the cyclical 
nature of epidemics were revealed according to experimental data by direct approximation, Fourier decomposition and 
autoregressive algorithm. A computer experiment has shown that even the combined use of these methods allows only a 
short-term forecast of the epidemic situation. The authors predicted the moments when the peaks of the incidence of 
influenza and COVID-19 will coincide. 
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